Introduction 33
Filamentous Actinobacteria are prolific producers of bioactive compounds. These 34 metabolites are mostly used as weapons that provide protection against other 35 microorganisms and phages in the environment [1] [2] [3] . This is particularly useful for 36 filamentous organisms, given that they generally lack the ability to make flagella for escaping 37 dangerous situations. In addition, these bacteria are able to generate resistant spores that 
43
(PCD) of the mycelium, which in turn triggers morphological and chemical differentiation [4] .
44
This developmental transition leads to the formation of specialized hyphae that grow into the 45 air, and the onset of production of a suite of bioactive compounds [5] . Eventually, the aerial 46 hyphae metamorphose into chains of grey-pigmented spores. Mutants that are unable to 47 establish an aerial mycelium are called bald (bld), while those that are not capable to form 48 spores are called white (whi) after their whitish color [6, 7] .
49
Genome mining has been instrumental for the revival of drug discovery [8, 9] . Many 50 of the biosynthetic gene clusters that specify bioactive natural products are contained on 51 giant linear plasmids [10] [11] [12] [13] . Although linear replicons are rare in many bacterial taxa, they 52 are common in Actinobacteria [14, 15] . In fact, Streptomyces chromosomes (between 8 and 53 10 Mb in size) are also linear and typically comprise a "core region" containing the essential 54 genes, and two variable "arms" with lengths ranging from 1.5 Mb to 2.3 Mb [16] . Like linear 55 plasmids, the linear chromosomes are capped by terminal proteins bound to the 5' end of 56 the DNA [17] . The chromosomal ends are genetically unstable, and readily undergo large 57 (up to 2 Mb) DNA rearrangements. Such rearrangements can lead to circularization of the 58 chromosome, exchange of chromosomal arms or the formation of hybrid chromosomes due 59 to recombination between the linear plasmids and the chromosome [18] . This wide range of 60 genomic rearrangements is believed to be caused by transposition or homologous 61 recombination, occurring actively within the chromosome or between the chromosome and 62 linear plasmids [19] . Not surprisingly, these changes have profound effects on differentiation
63
and specialized metabolite production [20, 21] .
64
Here we characterized genetic instability in Kitasatospora viridifaciens. This 65 tetracycline producer was originally classified within the genus Streptomyces, it was recently shown to belong to the genus Kitasatospora [22] . Protoplast formation and regeneration 67 leads to the emergence of colonies that are no longer able to differentiate, which we attribute 68 to the deletion of a 1.5 Mb segment of the right chromosomal arm and concomitant loss of 69 most of the sequences contained on the large megaplasmid KVP1.
71
Methods 72
Strains and media

73
The strains used in this study (Table 1) 
108
( Table 2 ). The PCR reactions were performed with the iTaq Universal SYBR Green
109
Supermix Mix (Bio-Rad) using 5% DMSO, according to the manufacturer's instructions.
110
Reactions was performed in duplicate using a CFX96 Touch Real-Time PCR Detection
111
System (Bio-Rad). To normalize the relative amount of DNA, the wild-type strain was used
112
as a control, using the atpD gene as a reference.
114
Results
115
Genomic characterization of Kitasatospora viridifaciens
116
We previously sequenced K. viridifaciens and identified KVP1 as a novel megaplasmid [26] .
117
Analysis of the biosynthetic gene clusters (BGCs) using antiSMASH 5.0 [27] located 11
118
BGCs on KVP1 and 33 clusters on the chromosome (Fig. S1) . One of the BGCs showed 119 high homology to the BGC for chlortetracycline (Fig. S2 ). To test experimentally whether
120
KVP1 is indeed a plasmid, we analysed genomic DNA of the wild-type strain with Pulsed-
121
Field Gel Electrophoresis (PFGE). In the lane containing uncut DNA, a fragment with an 122 estimated size between 1,600,000 and 2,200,000 bp (Fig. 1A , boxed region) was evident.
123
This fragment is consistent with a genetic element that migrates independently of the 124 chromosomal DNA. Digestion of the DNA with AseI revealed multiple DNA fragments,
125
including two large fragments at 1,541,168 and 1,695,864 bp (see arrowheads in Fig. 1B ).
126
By further adjusting the switching time to 2.2-75 seconds, well-separated fragments with 127 sizes ranging from 565,000 and 945,000 bp were identified (arrowheads Fig. 1C ).
128
Combining these different PFGE runs allowed us to map the AseI fragment spectrum to the 129 in silico genome assembly of K. viridifaciens ( Fig. 1D-F Fig. 2A ), a significant 138 number of colonies was brown and failed to develop (red circles Fig. 2A ). Sub-culturing of 139 these so-called bald colonies (referred to as "B" in Fig. 2C Fig. 2C ) were streaked onto MYM agar plates (Fig. 3A) .
155
All three colonies showed severe morphological defects and failed to produce spores even 
160
( Fig. 3B) . Conversely, the allC gene located on the KVP1 plasmid was only detected in the 161 wild-type strain (Fig. 3C ). Similarly, we were unable to detect other KVP1-specific genes,
162
namely orf1, parA or tetR (Fig. 3D ). These results strongly suggested the loss of KVP1 in 163 these colonies.
164
To corroborate the loss of KVP1, next-generation sequencing of the total DNA of 
216
Transposable elements were suggested as the principal cause of genetic instability [33] .
217
The loss of KVP1 and the chromosomal lesions in the right arm could be the consequence 218 of replicative transposition between the chromosome and the megaplasmid (Fig. 5) . Notably, 
237
The frequency of aberrant phenotypes after protoplast regeneration is higher than 238 the phenotypic heterogeneity obtained after outgrowth of spores, which typically is in the 239 order of 1% [18, 21, 29, 33, 36, 37] 
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Whereas 77% of the colonies were able to form grey-pigmented sporulating colonies (similar
452
to the wild-type), 5% of the colonies were white, 6% were bald, while 12% had a mixed 453 appearance. Protoplasts regenerated on R5 medium yielded colonies that are unable to sporulate due to the high sucrose levels. (B) Subculturing of 149 randomly-picked colonies on MYM medium revealed dramatic developmental defects in 23% of the colonies. Whereas 77% of the colonies were able to form greypigmented sporulating colonies (similar to the wild-type), 5% of the colonies were white, 6% were bald, while 12% had a mixed appearance.
